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ABSTRACT

The disposal of yard waste is an environmental issue of increasing national
concern. Yard waste accounts for up to 25% of the volume of material placed in

municipal landfills (Jackson, 1993). In 1986, the Environmental Protection Agency

predicted that one-third of existing landfills would be closed by 1992(Repa and Sheets,
1992) and all current landfills in 14 or more states are predicted to reach full capacity
by 1994 (Wilkinson, 1989). One way to diminish the problem is to use yard waste as
landscape mulch. These studies using yard waste as landscape mulch were designed to

examine potential problems such as allelopathic activity, mulch toxicity on plant growth,
and changes in soil pH.

Yard waste was collected from a municipal composting facility in Knoxville,

Tennessee on 10 dates during 1993. The allelopathic effect of the 10 yard waste
collections was tested on germination of Ipomoea purpurea (morning-glory), Tagetes

filifolia (marigold), Celosia crestata (cockscomb), and Lolium multiflorum (annual

ryegrass) at Knoxville in a field research plot. Fresh yard waste collection date 4-22
limited marigold germination to 13% with the control allowing 80% germination.
Collection dates 3-2, 3-19, and 5-7 limited cockscomb germination to 0% with the

control giving 73% germination. Collection date 3-19 limited morning-glory germination
to 28% with the control allowing 73% germination. Collection dates 3-2, 3-19, 4-7, 4-

22, and 5-7 limited annual ryegrass germination to 0% with the control giving 75%

germination. The most promising collection in terms of fresh yard waste inhibiting the
IV

germination offour species of seeds was collection 5-7 with only 15% mean germination.
Composted yard waste collection date 4-22 limited marigold germination to 43% with the
control allowing 93% germination. Collection date 3-2 limited cockscomb germination
to 52% with the control allowing 88% germination. Collection date 3-2 limited morning-

glory germination to 75% with the control allowing 95% germination. Collection date
4-22 limited annual ryegrass germination to 56% with the control allowing 95%

germination. The most promising collection in terms of inhibiting the germination offour
species of seeds was collection 4-22 with only 58% mean germination.

Air-dried uncomposted yard waste was tested for its influence on plant growth of

Euonymus kiautschovicus 'Manhattan' (Manhattan Euonymus^, Hedera helix (English
Ivy), and Forsythia x intermedia (Border Forsythia). None of the 10 collection dates
inhibited plant growth of Euonymus or Forsythia and there tended to be a stimulation of

Forsythia. No statistical analysis was made of the English Ivy plants because all plants
were killed due to cold winter temperatures.

Fresh and composted yard waste was tested for its influence on soil pH. All 10
collection dates offresh and composted yard waste (except 7-9 for composted yard waste)

produced a significant increase in soil pH over a six month period of time when
compared to the control.

In these studies fresh and composted yard waste exhibited some beneficial

allelopathic responses, was not detrimental to the growth of plants, and raised the pH
level of soils. It is expected that yard waste can serve the environment better by being
used in landscapes rather than being deposited in landfills.
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CHAPTER I

INTRODUCTION

Disposal of yard waste is an environmental issue of increasing national concern.
Yard waste accounts for up to 25% of the volume of material placed in municipal

landfills (Jackson, 1993). In 1986, the Environmental Protection Agency predicted that
one-third of existing landfills in the U.S. would be closed by 1992 (Repa and Sheets,

1992), and all current landfills in 14 or more states are predicted to reach full capacity
by 1994 (Wilkinson, 1989). Reducing the amount of solid waste entering landfills is an
important reason to recycle yard waste. Each individual recycling effort benefits the
entire community and ultimately benefits the landscape. One way to diminish the problem
is to recycle yard waste into a useable landscape mulch.
The use of mulches has increased dramatically in recent years with the continually

growing interest in commercial and residential landscaping and gardening (Wilkinson,
1989). A 1992 survey reported the number of operating composting facilities that handle

yard waste to be 2,200, up from 1000 in 1988 (Glenn, 1992). However, yard waste use
as a landscape mulch could create problems such as changes in soil pH resulting in more
acidic or basic soils, mulch toxicity from improper composting that can kill or severely

injure plants (Sevenson and Witte, 1989), and allelopathic activity of mulches on seed
germination and plant growth (Stein, 1988; Walsh, 1991).

The literature review covers the topics of allelopathy, soil pH and the effect of

mulch and compost on soil pH and on plant growth in relation to yard waste and possible

questions that could arise when using yard waste as a landscape mulch. The research
reported in this thesis was conducted in field situations at The University of Tennessee,

Knoxville. The yard waste collections came from Compost Corporation of America of
Knoxville, TN,a company contracted by the city of Knoxville to compost yard waste that
was collected form the curbsides of homes and businesses by city collection crews. The

objectives of the experiments were to determine if fresh and composted yard waste
(collection of branches, leaves, grass clippings, and other landscape waste) have any
effect on the germination of seeds by allelopathic activity, raising or lowering of soil pH,
and the effect on plant growth when used as a landscape mulch.

CHAPTER II

REVIEW OF LITERATURE

An Overview of Allelopathy

Allelopathy (rootwords: allelon and pathos)is derived from the Greek allelon, "of
each other", and pathos, "to suffer"; thus allelopathy means: the injurious effect of one

plant upon another. The phenomenon also refers to a biochemical inhibition of one plant
by another (Rizvi and Rizvi, 1992). Rice (1984) described allelopathy as any direct or
indirect harmful or beneficial effect by one plant on another through the production of
chemical compounds that escape into the environment. Some researchers have

interchanged the terms allelopathy and competition resulting in doubt and confusion

concerning the validity of allelopathic research (Rice, 1984). Competition is a physical
interaction between plants vying for nutrients, light, water, or space; allelopathy is

caused by a chemical produced from a plant. Therefore, allelopathy and competition are
two separate entities (Walsh, 1991).

Mechanisms of Allelopathic Action

All plants do not produce identical compounds that might become allelochemicals

nor do they produce the compounds in equal amounts (Walsh, 1991). Factors such as

plant maturity, vigor, or stress may determine whether these compounds are produced
(Einhellig and Leather, 1988). Before an allelochemical can interfere with another plant

it must be transferred from the donor plant to the recipient plant. Several ways this
transfer might occur are (Einhellig, 1986):

1.

Volatile allelochemicals from root exudates may be absorbed on soil

particles and come in contact with the root epidermis of the recipient
plant.

2.

Above ground plant parts leaching allelochemicals into the soil.

3.

The release of allelochemicals during the decomposition of plant waste.

Many of the inhibitors are water soluble and are released quickly after
plant death, but compounds such as flavonoids need decomposition before
they are released.

4.

Microorganisms can change nontoxic compounds into toxic compounds.
Microorganisms often change compounds into allelochemicals after they
have come in contact with the soil.

Some possible areas allelochemicals can cause a direct interference in the recipient plant
are:

1.

Cell division and elongation.

2.

Food reserves.

3.

Oxygen uptake.

4.

Stomatal functions and photosynthesis.

5.

Chlorotic appearance

6.

Mineral uptake.

7.

Respiration.

These influences are similar to many mineral deficiencies or toxicities and it may be
difficult to distinguish between allelopathy and other problems (EinheUig, 1986). Most
of these influences are related to the meristematic areas, so seedling growth may be a

better indicator of allelochemical influences than seed germination since the embryo
contains sufficient nutrients to allow radicle emergence (Walsh, 1991).
Some indirect influences that could result from direct allelopathic effects are:

1.

Suppression of a certain species.

2.

Causing a plant to be more disease or insect prone.

3.

Interference with soil nitrification, mycorrhizal association, and microbial
activity.

Allelopathy and Ornamental Horticulture

Allelopathy could be useful to horticulture in several ways such as the

development of allelochemical herbicides and growth regulators from plant waste (Rice,
1984). This development of allelochemical herbicides or growth regulators is very
valuable because an increasing number of people prefer not to use herbicides or are

demanding safer and more effective herbicides. Furthermore, the continued use of
herbicides is resulting in many plants becoming resistant to their mode of action

(EinhelUg and Leather, 1988; Rice, 1984). Stimulatory or inhibitory effects of
allelochemicals could be used for stimulating or inhibiting plant growth (EinheUig and

Leather, 1988). This type of manipulation would be most favorable in the germination
and seedling stages of the recipient plant (Walsh, 1991). The use of plant waste that

contains allelopathic species identified in its composition could be predicted to control

up to 100% germination of certain species of weed seed when used as a landscape mulch.
Species such as Acer rubnm (red maple) leaves, Tsuga canadensis (Canadian hemlock)
foliage, Juniperus virginiana (eastern red cedar) wood chips, and Juglans nigra (black
walnut) wood shavings have shown the most promising results for inhibiting seed

germination when used as a mulch (Stein, 1988). Walsh (1991) found no single mulch

leachate effectively inhibited the germination of all seeds tested. Cocoa bean hulls, red

maple, and cedar leachates inhibited a wider variety of seed species than other mulches
tested; and barley leachate stimulated the germination of annual ryegrass (Walsh, 1991).

Mulches and Their Effect on Plant Growth

Composted or uncomposted bark or wood waste could be used as organic soil
amendments to enhance soil productivity, used as a light weight soil extender for growing

turfgrassses, or to cover landfills (Campbell and Tripepi, 1992). Potential problems
associated with the use of uncomposted bark or wood waste are:

1.

Inhibition of plant growth by wood leachates (allelopathy)(Bollen et al.,
1963).

2.

Immobilization of plant available nitrogen by soil microorganisms (Lunt
and Clark, 1959).

One factor that can cause inhibition of plant growth is: immobilization of plant available

nitrogen. Soils amended with uncomposted bark or wood waste go through a process
where nitrogen is first immobilized and then mineralized. When the carbon to nitrogen

(C:N)ratio of organic soil amendments are greater than 30:1 soil microbes will convert
plant available nitrogen (ammonium and nitrate) into microbial biomass (microbe food).
This process of nitrogen immobilization will limit nitrogen uptake by plant roots and
plant growth (Campbell and Tripepi, 1992). As the organic matter in the bark or wood
waste is consumed, the microbe populations die and their stored nitrogen and carbon
becomes available to other organisms. These organisms use the nitrogen to form new cell
material that continues the carbon to CO2 breakdown process. When the ratio of carbon

to nitrogen is sufficiently balanced, nitrogen is released (McLaurin and Wade,1994).
Decomposition of organic matter creates a slow release fertilizer by freeing up plant
available nitrogen (Bollen and Glennie, 1963; McLaurin and Wade, 1994).
Bark or wood waste used as a landscape mulch can serve as an effective way to

control weed growth by creating a physical barrier to prevent weed seed emergence and

immobilization of plant available nitrogen by soil microbes decomposing the bark or
wood waste. Composted bark or wood waste is also used as soil amendments and a major
component in growing meda for container mixes to produce nursery or greenhouse crops.
Composted bark waste has also been shown to exhibit natural fungicidal properties that
reduce plant pathogen growth (Hoitink, 1980). This is also a form of allelopathy.
A different kind of problem arises from improper composting and stockpiling of
bark or wood waste that results in anerobic oxidation and the production of sour or acid

mulch that can quickly damage plant tissues. (Svenson and Witte, 1989). Toxins

produced by the sour mulch have usually dissipated by the time plant injury is noticed.
These quick dissipating toxins make it difficult to diagnose the cause of injury and is

often confused with nutritional deficiencies, herbicide, or pathogen damage(Svenson and
Witte, 1989). Sour mulch injury can cause white marginal chlorosis, leaf scorch, or
defoliation of landscape plants that are within about 20 - 25cm (eight to 10 inches) of the

ground (Williams, 1994). One can determine if composting bark or wood waste has

soured by smelling it. Sour mulch has a penetrating odor much like ammonia or vinegar.
Non-soured mulch smells like fertile garden compost (Bilderback and Pokomy, 1987).
Sour mulch is related to pile size, aeration, storage site, moisture content, and particle

size (Hoitink, 1979). To prevent plant damage, organic mulches need to be composted

in the presence of oxygen and stored correctly. Mulch piles need aeration to stop the
infestation of anaerobic microorganisms that produce toxic fermentation substances such

as methanol, ammonia gas, hydrogen sulfide gas, and acetic acid (Bilderback and
Pokomy, 1987). The larger the pile, the harder it is for air to reach the center. Weight
of extremely large piles causes compression of the mulch, further reducing aeration.
Mulch should be shredded to contain large and small particles to prevent packing and

clogging of air spaces that air and excess water travel through (Sharp, 1985). Mulch is
best composted in windrows that are between 1.8m to 7.3m (6 to 24 feet) wide and up
to 3m (ten feet) tall on a crowned surface (Bell, 1973; Bilderback and Pokomy, 1987;
Ragsdale et al., 1992).

Soil pH

The term pH defines relative acidity or alkalinity of a substance. Soil pH is a
measure of the negative logarithm of hydrogen ion activity in soil (Brady, 1984). The

8

pH can vary from a minimum value of zero to a maximum value of 14. The midpoint
of 7.0 is considered neutral while values below 7.0 are acid and values above 7.0 are

alkaline. The pH of most productive soils range from about 4.5 to 7.0 (Foth, 1984).

Acidic soils are caused by ions of hydrogen and aluminum, strong and weak organic
acids, and soil acids. Alkaline soils are caused by ions of calcium, magnesium,
potassium, sodium, and basic salts (Brady, 1984). Factors that affect soil pH are:
1.

Parent material.

2.

Organic matter.

3.

Precipitation.

4.

Vegetation.

5.

Fertilizers.

6.

Liming practices.

7.

Crops grown.

8.

Nitrogen content (Plaster, 1992).

Soil pH has several direct and indirect effects on plant growth and nutrition. If
the pH is too low, iron, aluminum, and manganese dissolve in amounts that can be toxic
to plants and calcium and magnesium become less available for plant uptake. If the pH
is too high, availability of phosphorus decreases because high levels of calcium create
insoluble calcium phosphate compounds. The availability of several micronutrients may
be decreased also. The pH of soils also influences microorganism population and activity
that are in a direct relationship to the releasing of nitrogen, phosphorous, sulfur, and
other micronutrients (Plaster, 1992).

Mulches and Their Effect on Soil pH

Most kinds of uncomposted or fresh bark or wood waste are acidic (pH 4,0 -

6.0). Pine bark typically ranges from 3.9 to 5.4 (Bilderback, 1982). Hardwood bark pH
values are initially around 5.2 to 5.5 but increase to around 7.0 or more with composting

(Hoitink, 1980). The initial acidity of hardwood bark is due to the presence of

polyphenols. Even though hardwood bark contains 4% calcium by dry weight, the
calcium is not released until the hardwood bark decomposes (Klett et al., 1972). When

an acidic bark or wood waste is applied to a soil, acid requiring plants such as azaleas,
rhododendrons, and blueberries may benefit slightly, if any, from the acidic waste

(Allison and Anderson, 1951). As the bark or wood waste decomposes there may be a
slight or temporary decrease in soil pH due to the formation of orgamc acids but these
soon decompose, and the final effect to acidify the soil pH is negligible(Solomon, 1951).
When an application of plant waste is made to the soil it may produce a slight decrease

in soil acidity rather then an increase (McLaurin and Wade, 1994). When composted
wood waste was added to soil for six years there was no significant change in soil pH

(Morillo et al., 1989). Many azalea growers believe that certain mulches will decrease

soil pH and benefit azalea growth but Galle (1987) states that to lower soil pH for

optimum azalea growth use ground sulfur or ferrous sulfate. Still there are publications
such as the Ortho book entitled "Color With Annuals" by McKinley and Sinnes,(1987)

that recommend the application of acid-forming mulches to the soil such as pine straw,
oak bark, or oak leaves to decrease soil pH.
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CHAPTER III

GENERAL MATERIALS AND METHODS

Freshly ground yard waste was collected between March and July 1993 from

Compost Corporation of America, a company contracted by the city of Knoxville,
Tennessee, to compost plant waste. Yard waste was collected from the curbside of homes
and businesses located in the city of Knoxville and brought to the composting facility by

city collection crews. The yard waste was ground into a mulch with a large tub grinder
(Plate 1) to a consistency ranging from fine dust to pieces 7.6cm to 12.7cm (three to five
inches) in length. The 2.3 m^ (three yd^) yard waste samples were collected every two
weeks on each of the following dates: March 2, March 19, April 7, April 22, May 7,

May 25, June 9, June 25, July 9, and July 30. The collected material consisted primarily
of branches and leaves. Sample content varied depending upon time of year material was

collected and species being ground in the tub grinder on the sampling date. A qualitative

analysis of collection date composition was made by identifying the majority of species
in each collection date before grinding (Table 1). From each sample of yard waste .09m'
(three ft') was tested immediately,.27m'(nine ft') was air dried and held in burlap bags

until ready for use, and the remainder 1.94m'(2.5 yd') was composted for six months
for later use. Composting was achieved by constructing ten circular bins from #10
concrete wire with a diameter of 1.52m (five ft) and a depth of .76m (2.5 ft)(Plate 2).

Each collection date was placed into its assigned bin with no additional handling for six
11
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months. When the six month composting period was complete the wire bins were

removed, the composted yard waste uniformly mixed, and samples taken for

experimental use for each collection date. The composted yard waste samples were used
immediately in the experiments requiring composted yard waste.

Table 1. Qualitative analysis of species composition in 10 yard waste collection dates.
Collection

Species in descending order

Dates

3-2

3-19

4-7

Acer rubrum, Acer negundo, Robinia pseudoacacia, Lonicera
japonica, Lonicera maackii.

Juniperus virginiana, Pinus virginiana, Ilex opaca,

Lagerstroemia indica, Maclura pomifera, Pinus elliottii.
Juniperus virginiana, Pinus virginiana, Pinus strobus, Picea
abies. Thuja occidentalis, Ulmus parvifolia.

4-22

5-7

5-25

Tsuga canadensis, Juniperus virginiana. Magnolia
grandiflora, Pinus virginiana, Celtis occidentalis.
Pinus strobus, Pseudotsuga memiesii, Picea abies, Pinus
virginiana, Celtis occidentalis.

Pinus virginiana, Pinus strobus, Acer saccharinum. Ilex
opaca, Juniperus virginiana.

6-9

Pinus virginiana, Pinus strobus, Acer saccharinum, Juniperus
virginiana, Tsuga candensis.

6-25

Magnolia grandiflora, Acer saccharinum, Pinus strobus,

Ligustrum vulgare, Acer negundo.
7-9

7-30

Acer saccharinum, Liquidambar styraciflua, Pinus mugo.
Magnolia grandiflora, Taxus sp., Acer negundo.

Pinus virginiana, Platanus occidentalis, Liquidambar
styraciflua, Acer saccharinum, Acer negundo.
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CHAPTER IV

ALLELOPATHIC INFLUENCE OF FRESH AND COMPOSTED
YARD WASTE ON SEED GERMINATION

INTRODUCTION

Allelopathy refers to a biochemical inhibition of one plant by another (Rice,
1984). Allelopathic interactions have been reported for many agronomic and horticultural
crops (Rice, 1984), with Juglans nigra (black walnut) being perhaps the best known
example. Mulches produced from plant material with known allelopathic potential can

have inhibitory effects of up to 1(X)% on seed germination and plant growth (Stein, 1988;
Walsh, 1991). This chapter examines the allelopathic potential of fresh and composted

yard waste, by germinating seeds on soils exposed to yard waste leachates.

MATERIALS AND METHODS

From each sample of yard waste,.09m'(three ft') was tested immediately and the
remainder was composted for six months for later use. Wooden frames of treated pine
[(2.5cm X 8.9cm)(l inch x 3.5 inch)] were constructed [(56.4cm x 56.4cm x 8.9cm)(22.3
inches x 22.3 inches x 3.5 inches)] to hold the yard waste to create three replications for

10 collection dates plus one control (control was commerically obtained wheat straw)

with the capacity to hold .03m'(one ft') of yard waste for each frame(Plate 3). The frames
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Plate 3. Frame design and construction for holding yard waste.
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were placed on the experimental field plot, secured to the ground, all vegetation within
the frames removed by hand, and the yard waste applied in an even layer. After
15.2cm (6 inches) or more rain had fallen onto the yard waste collections [some
collections received more than 15.2cm (6 inches) of rain] and leached into the ground,

the yard waste was removed from the frames. Each of the 11 frames was then subdivided
into four equal areas and 20 seeds (commerically obtained) of four species were placed
into an assigned (each species had its own area) location within each area on September
1, 1993 for fresh yard waste collections and on April 29, 1994 for composted yard
waste. The seeds used for the experiment were: Ipomoea purpurea (morning-glory,

Convolvulaceue), TagetesfHifolia (marigold, Compositae), Celosia cristata (cockscomb,

Amavanthaceae), and Loliwn multifloTvin (annual ryegrass, Gramineae). These seeds
were chosen because they represented four families and because they germinate easily

and quickly. Finally, a 1.3cm (1/2 inch)layer of yard waste (using that which came from
the frames) was placed over the seeds. A thin layer was used to continue the treatment

effect without inhibiting germination by over-mulching. Germination percentages for the

four species of seeds were recorded 20 days after sowing and covering, by hand pulling
and counting all germinated seeds (Plate 4). The same procedures were used for the

composted yard waste treatments. The experimental design was a complete randomized
block with three replications. An analysis was done using a General Linear, Model,
Duncan's Multiple Range Test, and linear regression (alpha = 0.05).
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RESULTS

Fresh yard waste

The first five collection dates 3-2, 3-19, 4-7, 4-22, and 5-7 gave the lowest

percentages of germination and were not significantly different from each other (Table
2). Collections 3-2, 3-19, 4-7, 4-22, and 5-7 gave complete control of annual ryegrass
Table 2. Mean precent germination of seeds under 10 collection
dates of fresh yard waste, averaged over all four species. Mean

separation by Duncan's Multiple Range test, oe = 0.05. Same
letters indicate no signiHcant difference.
Collection

Mean %

Dates

Germination

Control

75.4a

3-2

15.8c

3-19

14.6c

4-7

26.3c

4-22

25.0c

5-7

14.6c

5-25

60.8b

6-9

57.5b

6-25

63.8ab

7-9

60.0b

7-30

51.3b

germination (Figure 1 and Table 3). CoUections 3-2, 3-19, and 5-7 completely inhibited
celosia germination, however, marigold and morning-glory germination were never

completely controlled by any collections, but mean percent gerntination was reduced by
3-2, 3-19, 4-7, 4-22, and 5-7. Mean percent germination of marigold and morning-glory
18
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Yard Waste Collection Dates (1993)
Figure 1. Average germination rate of four species ofseed on field soil exposed to
10 fresh yard waste collections. See Tables 2 and 3 for analysis of variation.
Ctl - control(no yard waste).

Table 3. Average germination rate of four species of seeds on field soil exposed to
10 fresh yard waste collections. Mean separation by Duncan's Multiple Range Test
oe = 0,05. Same letters indicate no significant difference.
Mean % Germination

Collection

Marigold

Celosia

Morning-glory

Annual

Ryegrass

Dates
73.3a

75.0a

Control

80.0a

73.3ab

3-2

30.0b

O.Od

33.3cd

O.Od

3-19

30.0b

O.Od

28.3d

O.Od

4-7

30.0b

O.Od

51.7abcd

O.Od

4-22

13.3b

20.0cd

66.7ab

O.Od

5-7

23.3b

O.Od

35.0cd

O.Od

5-25

83.3a

43.3bc

55.0abcd

61.7ab

6-9

80.0a

43.3bc

46.7abcd

60.0ab

6-25

73.3a

83.3a

58.3abc

40.0bc

7-9

76.7a

66.7ab

40.0bcd

56.7bc

7-30

63.3a

53.3abc

33.3cd

55.0bc
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was reduced by these five collections when compared to the remaining collections. The
control and 6-25 gave the highest percentages of germination of all collections. The
control gave 80% germination of marigold, 73% germination of celosia, 73%

germination of morning-glory, and 75% germination of annual ryegrass; while collection
6-25 gave 73% germination of marigold, 83% germination of celosia, 58% germination
of morning-glory, and 40% germination of annual ryegrass. Collections 5-25, 6-9, 7-9,
and 7-30 were similar, resulting in more than 50% mean germination of all species.

Collection 5-25 gave 83% germination of marigold, 43% germination of celosia, 55%

germination of morning-glory, and 61% germination of annual ryegrass. Collection 6-9

gave 80% germination of marigold, 43% germination of celosia, 47% germination of
morning-glory, and 60% germination of annual ryegrass. Collection 7-9 gave 77%

germination of marigold, 67% germination of celosia, 40% germination of morningglory, and 56% germination of annual ryegrass. Collection 7-30 gave 63% germination
of marigold, 53% germination of celosia, 33% germination of morning-glory, and 55%

germination of annual ryegrass. Collection 4-22 gave the best control of marigold
germination at 13%. Collections 3-2, 3-19, and 5-7 gave 0% germination of celosia.
Collection 3-19 gave the best control over morning-glory germination at 28%. The

control did not always allow the highest germination percentages of the four species of
seeds but it did provide the most uniform germination percentages among all species.
If one collection was chosen for its ability to inhibit the germination of the four species
of seeds it would be collection date 5-7 at only 15% overall mean germination of the four

species of seeds with no germination of celosia or annual ryegrass.
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Initial pH of fresh yard waste varied between 5.0 and 6.2 and soluble salts levels
varied between 136 and 340 micromhos for the 10 yard waste collection dates (Table 4).

The mean percent germinations are shown in Figure 1 for the four species of seeds under
the ten different collection dates of yard waste. The mean percent germinations are
shown in Table 5 for the four species of seeds averaged over all collection dates. To

determine if inhibition of germination was related to time, pH, or soluble salts, linear

regressions of inhibition as a function of these three independent variables were

computed. Inhibition did appear to depend on collection time (r^ = .69) but was not
related to pH (r^ = .06) or to soluble salts (r^ = .02).
Table 4. pH and soluble salts level of fresh yard waste.
Collection

pH

Sol. Salts
Micromhos

Dates
3-2

5.8

160

3-19

5.0

165

4-7

5.6

340

4-22

5.6

155

5-7

5.7

147

5-25

6.2

300

6-9

6.2

170

6-25

5.5

145

7-9

5.0

136

7-30

5.8

320
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Table 5. Mean percent germination of four species of seeds averaged over all

collection dates of fresh yard waste. Mean separation by Duncan's Multiple Range
Test, « = 0.05. Same letters indicate no significant difference.
Species

Mean %

Germination

Marigold

53.0a

Momingglory

47.4a

Celosia

37.0b

Annual Ryegrass

31.7b

Composted yard waste

The control and collection 5-7 gave the highest percentages of germination of all

collection (Figure 2 and Table 6). The control gave 93% germination of marigolds,
88% germination of celosia, 95% germination of morning-glory, and 93% germination
of annual ryegrass; while collection 5-7 gave 82% germination of marigolds, 65%
germination of celosia, 92% germination of morning-glory, and 90% germination of
annual ryegrass. Collection 4-22 and 3-2 gave the lowest percentages of germination of
the four species. Collection 4-22 gave 43% germination of marigolds, 48% germination
of celosia, 82% germination of morning-glory, and 56% germination of annual ryegrass.
Collection 3-2 gave 58% germination of marigolds, 52% germination of celosia, 75%

germination of morning-glory, and 68% germination of annual ryegrass. All collection
dates gave 58% or greater mean percent germination (Table 7). The control always

allowed the highest germination percentages among all species. If one collection was

chosen for its ability to inhibit germination of the four species of seeds it would be
collection 4-22 at only 58% overall mean germination, with less than 50% germination
of marigolds and celosia.
22

Table 6. Average germination rate of four species ofseeds on field soil exposed to 10 composted yard
waste collections. Mean separation by Duncan's Multiple Range Test a = 0.05. Same letters
Mean % Germination
Collection

Marigold

Morning-glory

Celosia

Aimual

Ry^rass

Dates
Control

92.5a

87.5a

95.0a

92.5a

3-2

58.3b

51.7cd

75.0b

68.3b

3-19

55.0b

81.7ab

86.7ab

68.3b

4-7

51.6b

61.7cd

88.3ab

60.0b

4-22

43.3b

48.3d

81.7ab

56.7b

5-7

81.7a

65.0bcd

91.7a

90.0a

5-25

61.7b

51.7cd

95.0a

90.0a

6-9

61.7b

81.7ab

85.0ab

73.3ab

6-25

88.3a

70.0abc

91.7a

65.0b

7-9

58.3b

58.3cd

88.3ab

75.0ab

7-30

61.7b

56.0bcd

88.3ab

75.0ab

Marigolds

Momingglory

Calosia

Annual Ryegnsa

100
90
80
70

St

60

I 50
I 40
..

3-19

4-7

4-22

5-7

5-25

6-9

6-25

7-9

7-30

Yard Waste CoUecUon Dates(1993)
Figure 2. Average germination rate of four qteciea of seed on field soil exposed to
10 composted yard waste collections. See Tables 6 and 7 for analysis of variatioiL
Ctl - control(no yard waste).
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Table 7. Mean percent germination of seeds under 10 collection dates of composted
yard waste, averaged over all four species. Mean separation by Duncan's Multiple
Range test, « = 0.05. Same letters indicate no significant difference.
Collection

Mean %
Germination

Dates

91.9a

Control
3-2

63.3ef

3-19

72.9cd

4-7

65.4ef

4-22

58.0f

5-7

82.1b

5-25

74.6bc

6-9

75.4bc

6-25

78.8bc
70.0cde

7-9

73.0cd

7-30

After composting, pH varied between 6.7 and 7.6 and soluble salts levels varied
between 40 and 140 micromhos for the ten yard waste collection dates (Table 8). The

mean percent germinations are shown in Figure 2 for the four species of seeds under ten
different collection dates of yard waste. The mean percent germinations are shown in
Table 9 for the four species of seeds averaged over all collection dates. To determine if
inhibition of germination was related to time, pH, or soluble salts, liner regressions of
inhibition as a function of these three independent variables were computed. Inhibition

of germination did appear to depend on collection date pH (r^ = .41), and if the lowest
pH of 6.7 for the ten composted collections was not used in the regression computation

r^ would equal .78. Inhibition was not related to time (i^ = .19) or to soluble salts (r^
= .01).
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Table 8. pH and soluble salts level of composted yard waste
pH

Sol. Salts
Micromhos

3-2

6.9

60

3-19

6.7

25

4-7

7.2

50

4-22

7.0

70

5-7

7.6

41

5-25

7.3

100

6-9

7.6

105

6-25

7.5

78

7-9

7.3

40

7-30

7.2

140

Collection
Dates

Table 9. Mean percent germination of four species of seeds averaged over all
collection dates of fresh yard waste. Mean separation by Duncan's Multiple Range
Species

Mean %
Germination

Morning-glory

87.7a

Annual Ryegrass

73.4b

Celosia

65.0c

Marigold

64.1c
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DISCUSSION

Inhibition of seed germination has been linked to allelochemicals present in yard
waste mulch (Rice, 1984; Stein, 1988; Walsh, 1991). Rice (1984) discussed the testing

of leachates from Juniperus, Pinus, Eucalyptus, Platanus, Celtis, and other species and
their capabilities for inhibiting seed germination. Acer rubrum (red maple)leaves, Tsuga
canadensis (Canadian hemlock) foliage, Juniperus virginiana (eastern red cedar) wood

chips, and Juglans nigra (black walnut) wood shavings have shown the most promising
results for inhibiting seed germination when used as a mulch (Stein, 1988). Walsh (1991)
found that no single mulch leachate effectively inhibited the germination of all seeds
tested. Cocoa bean hulls, red maple and cedar leachates inhibited a wider variety of seed

species than other mulches, and barley leachate stimulated the germination of annual rye
(Walsh, 1991).
Fresh yard waste

The first five collections 3-2, 3-19, 4-7, 4-22, and 5-7 consisted of red maple,
eastern red cedar, Canadian hemlock, and

Pinus virginiana (Virginia pine). The

inhibition of seed germination with mulches of these collection dates was probably related
to the allelopathic nature of their content. Collections 5-25, 6-9, 6-25, 7-9, and 7-30
consisted primarily of Virginia pine, Pinus strobus (white pine). Magnolia grandiflora

(southern magnolia), Liquidambar styraciflua (American sweetgum), and Pinus elliottii
(slash pine), species having limited known allelopathic effects.
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Composted yard waste

The first five collections 3-2, 3-19, 4-7, 4-22, and 5-7 consisted of the same

species as before but only collection 3-2,4-7, and 4-22 were related to a slight inhibition
of seed germination (less than 65%), which probably is related to their allelopathic nature
of their content. Collection 3-19 and 5-7 of the first five collections gave a higher

percentage of germination after composting which is probably related to the breakdown
and leaching out of allelochemicals present in the yard waste collections. Collections 525, 6-9, 6-25, 7-9, and 7-30 consisted of the same species as before which have limited
known allelopathic effects. All collection dates had an increase in mean percent

germination after composting probably related to the breakdown and leaching out of
allelochemicals present in the yard waste during the composting process of six months.
Canadian hemlock, eastern red cedar, and red maple have previously been found

to be the most inhibitory of all identified species in the ten yard waste collections. The

testing of fresh and composted yard waste has probably shown that more allelochemicals
are present in a fresh yard waste sample than in composted yard waste samples and that
a greater inhibition of seed germination is more likely with fresh yard waste.
Inhibition of seed germination by mulches of known composition has been proven

in previous tests, but when yard waste (a mixture of different species ground into a
mulch) is tested for inhibition of seed germination, results are sporadic. The sporadic

results may be linked to the numerous and constantly changing species comprising the

yard waste and uncontrollable field factors such as different times of the year when
sowing the seeds for the fresh and composted collections (fall vs. spring), temperature
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and rain. This makes it difficult to predict whether yard waste has allelopathic potential

without identifying qualatatively each species in the waste. Yard waste that has had
allelopathic species identified in its composition could be predicted to control germination
of certain species of weed seed. This tool could be of value to the landscape maintenance
industry by providing an alternative to herbicides for weed control.
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CHAPTER V

INFLUENCE OF AIR-DRIED UNCOMPOSTED YARD WASTE
ON PLANT GROWTH

INTRODUCTION

Fresh or uncomposted bark or wood waste may possibly interfere with plant

growth when used as a landscape mulch. Potential problem areas associated with the use
of fresh or uncomposted bark or wood waste are inhibition of plant growth by wood
leachates, which is a form of allelopathy (Bollen et al., 1963), and the immobilization

of plant available nitrogen by soil microorganisms (Lunt and Clark, 1959). This
experiment examined the use of fresh yard waste and its effect on plant growth when
used as a landscape mulch. Three species of ornamental plants were mulched with airdried uncomposted yard waste and new growth measured.

MATERIALS AND METHODS

From each sample of yard waste, .27m'(9 ft') was air-dried and held in burlap
bags until ready for use. The plant species used for this experiment were: Hedera helix
(English ivy, Araliaceae), Euonymus kiautschovicus 'Manhattan'(Manhattan euonymus,
Celastraceae), and Forsythia x intermedia (Border forsythia, Oleaceae). These species
were chosen because they represent three families, have no known sensitivity to mulches,

and are good representatives of vertical and linear growth. On February 16, 1993, 200
29

four-inch stem tip cuttings were taken for each of the three species. Cuttings were dipped
in 3000 ppm ffiA (Hormex #2), stuck in a 1:1 of peat/perlite rooting media, and placed
over bottom heat and under mist for two months. On April 16, 1993 the rooted cuttings

were potted up into .95 Liter (quart) containers using a pine bark media amended with
the following:

1.

1.6kg (3.5 lbs) dolomitic limestone/.77m'(yd') of mix.

2.

0.9kg (2.0 lbs) treble super phosphate (0-46-0)/.77m'(yd') of mix.

3.

0.9kg (2.0 lbs) 10-10-10/ .77m'(yd') of mix.

4.

1.0kg (2.25 lbs) CaS04 (gypsum)/.77m'(yd') of mix.

5.

0.7kg (1.5 lbs) Micromax™/.77m'(yd') of mix.

6.

0.9kg (2.0 lbs) MgS04 (epsom salts)/.77m' (yd') of mix.

The .95 Liter (quart) containers with plants were placed outdoors for approximately six
months and maintained in growing condition until the experiment started.
Circles were constructed using lawn edging [(59.7cm dia. and 10.2cm deep)

(23.5" dia. and 4" deep)] to create three replications for 10 collection dates plus one
control (pea gravel) for each of the three species of plants with the capacity to hold
.03m'(one ft') of yard waste for each circle (Plate 5). The circles were placed on the

experimental plot in the field, secured to the ground, and all vegetation within the circles
removed. On October 10, 1993, the three species of plants were planted in the field with

three plants (of the same species) equally spaced in each circle (Plate 6). The 10 yard
waste collections were placed into the circles to which they were assigned and spread out

evenly among the plants at 10.16cm (4 inches) deep. The plants were pruned on
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December 1, 1993, to a known shoot height with only one shoot per plant. The plants
were allowed to remain in the field for seven months with only natural rainfall and no

fertilization. On June 30, 1994, length of growth was measured on all shoots and
additional shoots counted. Since all Hedera helix plants were killed due to cold winter

temperature, soil pH readings were taken from under the yard waste around these plants.
The soil pH readings were taken for comparison with results in Chapter VI. The
experimental design was a complete randomized block with three replications. A

statistical analysis was done using a General Linear Model and Duncan's Multiple Range
Test (alpha = 0.05).

RESULTS

Manhattan Euonymus

None of the 10 collection dates produced a significant amount of new shoot length
or number of new shoots when compared to the control (Table 10). Collection date 7-9

tended to produce the most new shoot length at 23.4cm (9.2 inches) and collection date
3-2 tended to produce the most number of new shoots at 1.5 shoots. The control (pea

gravel) produced 22.9cm (9.0 inches) of new shoot length and .9 new shoots. Collection
date 5-25 produced the least amount of new shoot length at 17.8cm (7.0 inches) and
collection date 3-19 produced the lowest number of new shoots at .3 shoots.
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Table 10. Mean gain in shoot length and number of new shoots for Euonymus from

10 collection dates of fresh yard waste plus one control. Mean separation by

Duncan's Multiple Range Test oc = 0.05. Same letters indicate no significant
difference.

Collection

Mean gain

Dates

in shoot

length

Mean gain
in shoot length
(Inches)

Mean No.
of New Shoots

(cm)
Control

22.9a

9.0

.9a

3-2

20.3a

8.0

1.5a

3-19

20.3a

8.0

.3a

4-7

20.3a

8.0

.8a

4-22

19.6a

7.7

1.2a

5-7

22.9a

9.0

.7a

5-25

17.8a

7.0

1.1a

6-9

20.9a

8.2

1.0a

6-25

19.6a

7.7

.9a

7-9

23.4a

9.2

.7a

7-30

19.6a

7.7

1.0a

Border Forsythia

Collection dates 3-19 and 7-30 produced the largest amount of new shoot length
at 29.5cm (11.6 inches) and 29.0cm (11.4 inches). Collection date 7-30 also produced
the most number of new shoots at 3.2 shoots (Table 11). The control and collection date

6-9 produced the same amount of new shoot length at 19.8cm (7.8 inches) and collection

date 3-2 produced the fewest number of new shoots at 1.1 shoots. Collection dates 3-2,

3-19, 4-7, and 7-30 were the only collection dates to produce any significant amount of
new shoot length when compared to the control. No collection date produced a significant
number of new shoots or inhibited new shoots when compared to the control.
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Table 11. Mean gain in shoot length and number of new shoots for Forstythla from
10 collection dates of fresh yard waste plus one control. Mean separation by
Duncan's Multiple Range Test oc = 0.05. Same letters indicate no significant
diH'erence.

Collection

Mean gain

Dates

in shoot

Mean gain
in shoot length

length
(cm)

Mean No.

of New Shoots

(Inches)

7.8

2.2ab

26.4abc

10.4

1.1b

29.5a

11.6

2.0ab

4-7

28.4ab

11.2

2.lab

4-22

20.6cd

8.1

2.lab

5-7

19.3d

7.6

2.3ab

22.6bcd

8.9

2.0ab

6-9

19.8d

7.8

1.4b

6-25

21.led

8.3

1.9b

23.1abcd

9.1

1.8b

11.4

3.2a

Control
3-2
3-19

5-25

7-9
7-30

19.8d

29.0a

English Ivy

All English ivy plants were killed due to cold winter temperatures of
approximately -21.67°C (-7°F), Soil pH readings were taken from under each of the 10
collection dates plus the control after approximately eight months of exposing the soil to
the fresh yard waste mulch and ambient rainfall control (Table 12). All fresh yard waste
collection dates tended to produced a higher soil pH than the pea gravel control but no
statistical analysis was run.
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Table 12. Mean pH of soil from under 10 fresh yard waste
collection dates plus one control that surrounded the English ivy
after eight monUis of exposure to natural rainfall.
SoU pH

Collection
Dates
Control

6.3

3-2

6.7

3-19

6.5

4-7

6.7

4-22

6.6

5-7

6.7

5-25

6.9

6-9

6.8

6-25

6.7

7-9

6.8

7-30

6.8

DISCUSSION

Inhibition of plant growth by yard waste can be linked to allelochemicals present

in the yard waste (Rice, 1984) and immobilization of plant available nitrogen by soil
microorganisms during the decomposition of the yard waste when used as a landscape
mulch (Lunt and Clark, 1959). The allelopathic potential of yard waste was discussed
earlier in the review of literature and Chapter IV. Soils that are amended with fresh yard

waste go through a process where the nitrogen is first immobilized and then mineralized.
When the carbon to nitrogen ratio of organic soil amendments is greater than 30:1, soil
microorganisms convert plant available nitrogen into microbe food. This process of

nitrogen immobilization can limit nitrogen uptake by plant roots and limit plant growth
(Campbell and Tripepi, 1992).
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In this research none of the 10 collection dates of fresh yard waste inhibited plant

growth of Euonymus or Forsythia and there tended to be a stimulation of Forsythia, In
the previous chapter it was discussed that the first five collection dates (3-2, 3-19, 4-7,
4-22, and 5-7)inhibited seed germination when used fresh as a mulch and it was related

to their allelopathic content. These collection dates did not effect the plants in this
experiment in the same way. This was probably due to the plants being more mature and
not as susceptible to allelochemicals or the allelochemicals were not in a high enough
concentration to cause inhibition of plant growth. Nitrogen immobilization should not

have been a factor because the fresh yard waste was applied to the soil surface and not

as a soil amendment. Applying the fresh yard waste to the soil surface meant less yard
waste surface area in contact with the soil reducing the chance of soil microorganisms
tying up plant available nitrogen.

Collection dates 3-2, 3-19, 4-7, and 7-30 stimulated the growth of Forsythia by

increasing the mean gain in shoot length when compared to the control. The stimulation

may have occurred due to allelochemicals present in the fresh yard waste, soil
temperature being cooler due to mulch, soil water relations, or decomposition of the yard
waste being exposed to the soil surface for eight and one-half months. Allelopathy not
only means interference of one plant by another but also the stimulation of one plant by
another (Rice, 1984). The decomposition of organic matter (yard waste) creates a slow

release fertilizer by freeing up plant available nitrogen. This could have supplied the
Forsythia with extra nitrogen to promote plant growth.
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Inhibition of plant growth by mulches of a known composition have been proven
in previous test. Numerous and constantly changing species comprised the yard waste
collection dates used in this experiment. Additional collections could possibly have

produced different results. This makes it difficult to predict whether the fresh yard waste

might be beneficial or detrimental to plant growth. This experiment does help answer the
question about whether it is necessary to compost the fresh yard waste before using it as
a landscape mulch. However more plant species need to be tested for their response to
fresh yard waste in order to make a complete analysis.
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CHAPTER VI

INFLUENCE OF FRESH AND COMPOSTED YARD WASTE

ON SOIL pH

INTRODUCTION

Soil pH is a measure of the negative logarithm of hydrogen ion activity in the soil

(Brady, 1984). Most fresh or uncomposted bark or wood waste is acidic (pH 4.06.0)(Bilderback, 1982). Allison and Anderson (1951)indicated that acid requiring plants

may benefit from an application of fresh bark or wood waste to the soil. Other research
indicates that an application of fresh plant waste to soil will likely cause a slight decrease

in soil acidity rather than an increase (McLaurin and Wade, 1994). This experiment
examined the use of fresh yard waste and its influence on soil acidity or alkalinity when
used as a landscape mulch. Fresh and composted yard waste was applied to field soil

with pH readings taken before application and once each month for six months after
application.

MATERIALS AND METHODS

From each sample of yard waste, .09m3 (three ft') were used immediately and
the remainder was composted for six months for later use. Wooden frames of treated

pine [(2.54cm x 8.89cm)(l inch x 3.5 inches)] were constructed [(56.44cm x 56.44cm
X 8.89cm)(22.3 inches x 22.3 inches x 3.5 inches)] to create three replications for 10
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collection dates plus one control with the capacity to hold .03m'(one ft') of yard waste
for each frame (refer to Plate 3). The frames were placed on the experimental field plot,
secured to the ground, and all vegetation within the frames removed by hand. Initial soil

pH readings were taken for each collection date field location by extracting five 7.6cm
(three inch) core samples from the soil within each frame. Fresh yard waste was applied

in an even layer 8.9cm (3.5 inches) thick and soil pH readings were taken each month
on the same date for six months from underneath the yard waste. The soil pH measuring
method used was as follows:

1.

Moved mulch inside the frame to take the soil samples.

2.

Five 7.6cm (three inch) core samples per collection date and replicate.

3.

Air dried sample.

4.

Samples were mixed to constitute one sample.

5.

Samples ground through a #10 wire sieve.

6.

1:1 by volume ratio of soil to distilled water
(20ml soil and 20ml water).

7.

Samples mixed every 15 minutes for 30 minutes.

8.

Coming pH Meter 5 used for measuring pH.

The experimental design was a complete randomized block with three replications.
Statistical analysis was done using the General Linear Model and Fisher mean separation
test at alpha = 0.05. The same procedures were used for the composted yard waste.

RESULTS

All collection dates for the fresh and composted yard waste (except 7-9
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composted) produced a significant increase in soil pH when compared to the control. See
Tables 13 and 14 for mean soil pH ranges over a six month period of time. There
should be no attempt to compare Table 13 with Table 14. Collection dates were not

compared with each other but were compared individually to the control over a six month
period. The beginning soil pH from the field locations for the fresh and composted yard
waste varied substantially. Previous fertilizer and herbicide applications to this field
location are unclear and this could have a direct effect on why the soil pH varied
substantially.

Table 13. Soil pH produced from 10 collection dates of fresh yard waste over a six month
Rainfall**

Mean Soil pH During A Six Month Test

Collection

Total

Dates

In Inches

MONTHS
0

1

2

3

4

5

6

Control'

6.5

6.5

6.5

6.5

6.4

6.4

6.4

g

46.7

3-2

6.1

6.3

6.6

6.6

6.7

7.1

7.2

a

27.2

3-19

6.1

6.0

6.3

6.4

6.5

6.8

6.9

b

25.0

4-7

6.3

6.2

6.4

6.4

6.6

6.7

7.0

c

24.7

4-22

6.2

6.2

6.4

6.6

6.8

6.9

7.2

a

23.2

5-7

6.7

6.6

6.6

6.6

6.8

7.1

7.2

d

25.4

5-25

6.5

6.5

6.6

6.7

6.8

7.1

7.1

d

21.2

6-9

6.3

6.2

6.6

6.7

7.0

7.1

7.4

d

26.4

6-25

6.3

6.2

6.5

6.6

7.1

7.1

7.6

d

28.9

7-9

6.5

6.3

6.5

6.9

7.0

7.4

7.7

e

34.4

7-30

6.1

6.2

6.6

6.7

6.9

7.3

7.6

f

34.0

* Control pH was taken every other month for 11 months.
** Rainfall recorded during time samples were taken.
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Table 14. Soil pH produced from 10 collection dates of composted yard waste over a six month
period. Same letters indicate no signiflcant difference at oe = 0.05 when compared to the
control.

Mean Soil pH During A Six Month Test

Collection

Rainfall**
Total

Dates

In Inches

MONTHS
4

5

6

2

3

6.7

6.8

6.8

6.8

6.8

6.8

g

68.2

6.1

6.6

6.5

7.1

7.1

7.3

7.3

a

45.1

3-19

6.7

6.8

7.0

7.1

7.2

7.3

7.3

b

42.4

4-7

6.7

6.8

7.2

7.2

7.3

7.3

7.3

c

44.1

4-22

6.1

6.6

7.0

7.0

7.2

7.2

7.2

d

50.0

5-7

6.7

6.8

6.8

6.8

6.8

7.0

7.0

a

49.9

5-25

6.8

7.0

7.1

7.2

7.3

7.3

7.3

e

49.5

6-9

6.9

7.3

7.3

7.3

7.2

7.2

7.2

f

46.6

6-25

7.1

7.2

7.2

7.2

7.3

7.2

7.2

f

47.1

7-9

7.2

7.2

7.1

7.2

7.1

7.1

7.1

e

41.5

7-30

7.2

7.2

7.2

7.2

7.2

7.2

7.2

f

41.5

0

1

Control'

6.8

3-2

*■ Control pH was taken every other month for 11 months.
** Rainfall recorded during time samples were taken.

DISCUSSION

Soil pH can be changed by applications of bark or wood waste. The change
occurs from constituents such as polyphenols and calcium present in the bark or wood

waste leaching into the soil. The initial acidity of wood waste is from the presence of the

polyphenols. When the fresh bark or wood waste is applied to the soil there may be a
temporary increase in soil acidity due to the formation of organic acids in the soil from
wood waste leachates. The organic acids are soon decomposed and are replaced by
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calcium which is released during the decomposition of the wood waste (Klett et al., 1972

and Solomon, 1951). The final effect of the wood waste is an increase in soil alkalinity
(McLaurin and Wade, 1994). Yard waste consists of many different species of wood and
bark and could also produce a change in soil pH similar to that of mulches of known
composition such as pine bark, oak mulch, or leaf litter.

Beginning soil pH from under the fresh yard waste collection dates was low
enough to allow an increase in the soil pH from this application of yard waste (Table 13).
Most of the beginning soil pH levels under the composted yard waste were higher than
those from the fresh yard waste field location and when the soil pH is already high little
change can be expected from an application of yard waste (Table 14). These increases
in soil pH could possibly have been caused by an accumulation of calcium in the soil that
was leached from the yard waste. The accumulation of calcium in the soil would not be
beneficial to plants requiring acidic conditions such as azaleas and rhododendrons. Once
the calcium comes in contact with the soil it attaches to the soil exchange sites and

produces an alkaline soil condition and may cause the plants to suffer from a nutrient
deficiency. For all but one collection date (3-19, fresh) the soil pH produced from the
fresh and composted yard waste applications was above the most productive ranges for
soil pH, which are from about 4.5 to 7.0 (Foth, 1984). If the soil pH is too high
availability of phosphorus decreases due to the high levels of calcium. This high level
of calcium in the soil will create insoluble calcium phosphate compounds. These

compounds tie up plant available phosphorus which has a direct effect on plant growth
because root growth is directly related to phosphorus. Yard waste should possibly be
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composted for more than six month to help prevent the occurrence of calcium phosphate
bonds by making more calcium available during decomposition so it can be leached out
and broken down further before an application is made to the soil as a mulch. For those

expecting the pH of the soil to become more acidic from an application of a mulch they

may be surprised. One could add these kinds of mulches to soil with lower pH 5.0, 5.5,
etc. and expect an increase due to the mulch. This application could possibly put the final
soil pH at approximately 6.5 which is the ideal pH for plant growth.
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CHAPTER VII

SUMMARY AND CONCLUSIONS

Disposal of yard waste is an environmental issue of increasing national concern.
Yard waste accounts for up to 25% of the volume of material placed in municipal
landfills (Jackson, 1993). The Environmental Protection Agency predicted that one-third
of existing landfills in the U.S. would be closed by 1992 (Repa and Sheets, 1992), and
current landfills in 14 or more states are predicted to reach full capacity by 1994

(Wilkinson, 1989). Using yard waste as landscape mulch is one way to keep it out of
landfills. Yard waste could pose potential problems when used as landscape mulch, such
as changes in soil pH, mulch toxicity, and allelopathic activity.

Research was done at The University of Tennessee, Knoxville to test the influence

offresh and composted yard waste on seed germination, plant growth, and soil pH. Yard
waste was collected 10 times on different dates from Compost Corporation of America,

Knoxville, TN. Yard waste (collection of branches, leaves, grass clippings, and other

landscape waste) did affect seed germination, soil pH, and plant growth. Fresh and
composted yard waste collection dates inhibited the germination of four species of seeds
with fresh yard waste exhibiting more inhibition of seed germination than composted yard
waste when compared to the control.
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None of the fre. yard waste collection dates inhibited plant growth of Euonymus

or Forsythia and there tended to be a stimulation of Forsythia growth by certain yard
waste collection dates when compared to the control.

All fresh and composted yard waste collection dates except for collection date 7-9

(composted) significantly increased the soil pH over a six month period of time. The
beginning soil pH under the fresh yard waste collection dates was low enough to allow
an increase in soil pH from this application of yard waste. The beginning soil pH under
the composted yard waste collection dates was higher than that from the fresh yard waste

and when the soil pH is already high little change can be expected from an application
of yard waste.

Yard waste was effective in allelopathicly controlling seed germination, increasing

soil pH, and not inhibiting plant growth when used as a landscape mulch. These findings

give good reasons why yard waste can be used as a landscape mulch and an alternative
to bark mulches and should not be placed in landfills.

Yard waste could be of value to the landscape maintenance industry by providing

an alternative to herbicides for weed control by allelopathicly suppressing weed seed

germination. Based on this research yard waste could be used as a soil amendment to
raise soil pH, increase soil organic matter, soil aeration, and cation exchange capacity.
Yard waste could also be used uncomposted as landscape mulch with little concern about

immobilization of plant available nitrogen. Further research is needed to determine if

yard waste could affect the growing habits of more plant species, affect soil pH of
different soil types, and its allelopathic influence on a wider range of seed species. As
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used in this research yard waste was a mixture of different species ground into a mulch.
Because results are known to be dependent upon the species in the yard waste, a

qualitative and quantitative analysis is needed for the yard waste in order to make
predictions about expected benefits and problems.
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